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[0001] This application claims the benefit of Korean Patent Application No. 2001- 
25693, filed on May 1 1, 2001 in Korea, which is hereby incorporated by reference for all 
purposes as if fially set forth herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a liquid crystal display (LCD) device and 
more particularly, to a reflective cholesteric liquid crystal (CLC) display device and a 
manufacturing method for the same. 
Discussion of the Related Art 

[0003] Flat panel display devices, which have properties of thin, low weight and low 
power consumption, have been required as the information age rapidly evolves. The flat 
panel display device may be classified into two types depending on whether it emits Ught or 
not. One is a light-emitting type display device that emits Ught to display images and the 
other is a light-receiving display device that uses an external Ught source to display images. 
Plasma display panels (PDPs), filed emission display (FED) devices and electro 
luminescence (EL) display devices are examples of the light-emitting type display devices 
and liquid crystal displays are an example of the light-receiving type display device. The 
liquid crystal display device is widely used for notebook computers and desktop monitors, etc. 
because of its superior resolution, color image display and quality of displayed images. 

[0004] Generally, the liquid crystal display device has upper and lower substrates, 
which are spaced apart and facing each other. Each of the substrate includes an electrode and 
the electrodes of each substrate are facing each other. Liquid crystal is interposed between the 
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upper substrate and the lower substrate. Voltage is applied to the hquid crystal through the 
electrodes of each substrate, and thus an alignment of the liquid crystal molecules is changed 
according the applied voltage to display images. Because the liquid crystal display device 
cannot emit light as described before, it needs an additional light source to display images. 
Accordingly, the liquid crystal display device has a back Hght behind a liquid crystal panel 
for a light source. An amoimt of light incident from the back hght is controlled according the 
alignment of liie liquid crystal molecules to display images. The electrodes of each substrate 
are formed of transparent conductive material and the substrates must be transparent. The 
hquid crystal display devices like this are called transmissive Uquid crystal display devices. 
Because the transmissive Uquid crystal display device uses an artificial light source such as 
the back light, it can display a bright image in dark surroimdings. However, the transmissive 
liquid crystal display device has high power consumption. 

[0005] The reflective Uquid crystal display device has been suggested to overcome 
the power consumption problem of the transmissive liquid crystal display device. Because the 
reflective liquid crystal display device controls a transmittance according the alignment of 
Uquid crystal molecules by irradiating Ught using an external light source such as ambient 
light or artificial light, it has a low power consumption compared with the transmissive Uquid 
crystal display device. An electrode of the lower substrate is formed of conductive material, 
which has a high reflectance and an electrode of the upper substrate is formed of transparent 
conductive material to transmit the incident Ught. 

[0006] The conventional reflective Uquid crystal display device will be described 
hereinafter more in detail witii reference to FIG. 1. FIG. 1 is a cross-sectional view of a 
conventional reflective Uquid crystal display device. In FIG. 1, a plurality of switchmg 
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elements (not shown) are formed in an array matrix on a first substrate 1 and a plurality of 
reflective electrode 3, which are connected to each of the switching elements, is formed on 
the first substrate 1. The reflective electrode 3, which is formed of conductive material such 
as metal, serves to reflect the incident light and serves as a pixel electrode. A color filter 4 
that includes sub-color-filters red (R), green (G), and blue (B) in a repeated order is formed 
beneath a second substrate 2 and corresponds to the reflective electrode 3. A common 
electrode 5 is formed of transparent conductive material beneath the color filter 4. Liquid 
crystal is interposed between the reflective electrode 3 and the common electrode 5. An 
alignment of liquid crystal molecules is changed if a voltage is applied to the reflective 
electrode 3 and the common electrode 5. An alignment film (not shown) is respectively 
formed on the reflective electrode 3 and beneath the common electrode 5 to align the Uquid 
crystal molecules into a uniform direction. 

[0007] A retardation layer 7 is formed on the second substrate 2. The retardation layer 
7 here in the figure has a phase difference of XI 4 and thus is called a quarter wave plate. The 
quarter wave plate 7 changes a Unear polarization of light into a circular polarization of light 
and the circular polarization into the linear polarization. A polarizer 8, which changes 
ambient Ught into linearly polarized light by transmitting only the light that is parallel to a 
light transmission axis, is formed on the quarter wave plate 7. If the ambient light is irradiated 
to the reflective liquid crystal display device when the voltage is not applied, the incident 
light is changed into linearly polarized light as it passes through the polarizer 8, and the 
linearly polarized light is changed into circularly polarized light as it passes through the 
quarter wave plate 7. The circularly polarized light then passes through the second substrate 2, 
the color filter 4 and the common electrode 5 in sequence and there is no phase change during 
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this process. The circularly polarized light then passes through the liquid crystal layer 6 and is 
changed into linearly polarized light as it passes through the hquid crystal layer 6 if the hquid 
crystal layer 6 is formed to have a phase difference of M 4. The linearly polarized light is 
reflected at the reflective electrode 3 and then is changed into circularly polarized light as it 
passes again through the liquid crystal layer 6. The circularly polarized light is changed into 
the linearly polarized light as it passes again through the quarter wave plate 7, and then the 
linearly polarized light passes through the polarizer 8. At this time, if a polarized direction of 
the linearly polarized light is parallel to the light transmission axis of the polarizer 8, dl of 
the linearly polarized light transmits through the polarizer 8 and if the polarized direction of 
the linearly polarized light is perpendicular to the light transmission axis of the polarizer 8, 
the linearly polarized light cannot transmit through the polarizer 8. 

[0008] On the other hand, cholesteric liquid crystal (CLC) display devices, which use 
CLC color filter to display color images, has been widely researched and developed in the 
field. The reflective cholesteric Hquid crystal display device, which has CLC color filter, has 
a superior color display abihty and contrast ratio compared with a typical reflective liquid 
crystal display device that has an absorption type color filter. The cholesteric hquid crystal 
color filter uses a selective reflection property of the cholesteric liquid crystal. The 
cholesteric liquid crystal fimctions as a reflective mirror when each layer of helical structure 
has a perfect alignment. That is, when all helical axes of the cholesteric liquid crystal are 
aligned perpendicular to the substrate, the cholesteric liquid crystal fimctions as the reflective 
mirror in which the incident light is reflected at a surface of the mirror and an incidence angle 
and a reflection angle are same. The cholesteric liquid crystal does not reflect all incident 
Ught, but selectively reflects the incident light of a particular wavelength according to a 



5 



PATENT 
8733.573.00 

helical pitch of the cholesteric liquid crystal. Accordingly, the reflected light may display red, 
green or blue color by controlling the helical pitch according to each region of the CLC color 
filter. The cholesteric liquid crystal color filter also determines a polarization state of the 
reflected light. The rotational direction of the cholesteric liquid crystal helix is an important 
factor to make a polarization phenomenon. For example, the left-handed cholesteric liquid 
crystal reflects a left circular polarization that has a wavelength corresponding to the pitch of 
the left-handed cholesteric liquid crystal. That is, a direction of a circular polarization of the 
reflected light depends on whether the heUx structure of the cholesteric liquid crystal is right- 
handed or left-handed. This is a great difference from a typical dichroic mirror that simply 
reflects light of particular wavelength and transmits the rest of the Ught. 

[0009] FIG. 2 is a cross-sectional view of a reflective cholesteric liquid crystal 
display device that has a CLC color filter according to the related art. Because the cholesteric 
Uquid crystal color filter serves as a reflector as well as a color filter, an additional reflector is 
not needed. In FIG. 2, an absorption layer 12 is formed on the lower substrate 1 1 and a first 
aKgnment layer 13 is formed on the absorption layer 12. A cholesteric liquid crystal color 
filter 14 is formed on the first alignment layer 13. The cholesteric liquid crystal color filter 14 
displays red, green or blue color by reflecting Ught that has a wavelength corresponding to 
the red, green or blue color, respectively. A transparent first electrode 15 is formed on the 
cholesteric liquid crystal color filter 14, and a second alignment layer 16 is formed on the 
first electrode 15. A transparent second electrode 22 is formed beneath an upper substrate 21, 
and a third alignment layer 23 is subsequently formed beneath the second electrode 22. A 
retardation layer 30 that has a phase difference of A/ 4 is formed on the upper substrate 21, 
and a polarizer 40 is formed on the retardation layer 30. A hquid crystal layer 50 is positioned 
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between the second alignment layer 16 and the third ahgnment layer 23. The alignment of 
liquid crystal molecules is changed according to an appUed voltage between the first 
electrode 15 and the second electrode 22. 

[0010] A driving mechanism of the reflective cholesteric liquid crystal display device, 
which uses a cholesteric liquid crystal color filter, is as follows. A phase difference in the 
liquid crystal occurs when the voltage is applied to the liquid crystal. 

[0011] hi case of normally black mode, when the voltage is not apphed to the Uquid 
crystal, incident light is linearly polarized as it passes through the polarizer 40 and 
subsequently circularly polarized as it passes through the retardation layer 30. The circularly 
polarized light passes through the liquid crystal layer 50 without a phase retardation and then 
transmits through the cholesteric Hquid crystal color filter without reflection, and finally is 
absorbed in the absorption layer 12. Accordingly, there is no reflected hght. Whereas, when 
the voltage is apphed to the hquid crystal, incident hght is hnearly polarized as it passes 
through the polarizer 40 and subsequently circularly polarized as it passes through the 
retardation layer 30. The polarization property of the circularly polarized light is changed 
because of phase retardation as it passes through the liquid crystal layer 50. Only light of 
particular wavelength in the hght that passes through the Uquid crystal layer 50 is reflected at 
the cholesteric liquid crystal color filter 14, and the rest of the hght transmits through the 
cholesteric hquid crystal color filter 14 and then is absorbed to the absorption layer 12. The 
polarization property of the reflected light is changed as it passes again through the liquid 
crystal layer 50, and the reflected hght is hnearly polarized as it passes through the 
retardation layer 30. The hnearly polarized hght finally passes through the polarizer 40. 
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[0012] In case of normally white mode, when the voltage is not applied to the liquid 
crystal, incident light is circularly polarized as it passes through the polarizer 40 and the 
retardation layer 30. The circularly polarized light passes through the liquid crystal layer 50 
without phase retardation. Only light of a particular wavelength of the light that passes 
through the liquid crystal layer 50 is reflected at the cholesteric liquid crystal color filter 14, 
and the rest of the light transmits through the cholesteric liquid crystal color filter 14 and then 
is absorbed in the absorption layer 12. The reflected Ught passes again through the liquid 
crystal layer 50 without phase retardation and is linearly polarized as it passes tiirough the 
retardation layer 30. The linearly polarized light finally passes through the polarizer 40. 
Whereas, when the voltage is applied to the liquid crystal, incident light is circularly 
polarized as it passes through the polarizer 40 and the retardation layer 30, and the 
polarization property of the circularly polarized light is changed because of the phase 
retardation as it passes through the liquid crystal layer 50. All of the light, that has passed 
through the liquid crystal layer 50 passes through the cholesteric liquid crystal (CLC) color 
filter 14 without reflection and then is absorbed to the absorption layer 12. Accordingly, there 
is no reflected light. 

[0013] Because the reflective liquid crystal display device uses an external Ught 
source, an incidence angle of the light varies according to a position of the external light 
source. As described before, because the cholesteric liquid crystal color filter does a specular 
reflection, the reflection angle of the light depends on the incidence angle of the light. 
Accordingly, whereas a luminance in a certain viewing angle is very high, the luminance in 
the rest of viewing angle is lowered. In addition, because a size of the pitch of the cholesteric 
liquid crystal (CLC) helix, which the incident light experiences, is varied according to the 
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incidence angle of the incident light, the wavelength of the reflected light is changed. 
Accordingly, a color of the reflected light varies depending on the incidence angle of the 
incident light and a change of color of the reflected Ught becomes greater as the incidence 
angle becomes bigger. These problems can be overcome by scattering Ihe reflected light 
using a diffusion film over the liquid crystal panel, which helps to uniform the luminance in a 
main viewing angle range. Though an introduction of the diffusion film may overcome the 
luminance problem, there still exists a color change problem according to the incidence angle. 



SUMMARY OF THE INVENTION 

H 

j3 [00141 Accordingly, the present invention is directed to a reflective cholesteric liquid 

1 S crystal (CLC) display device and a manufacturing method of a lower substrate for the 

'=5 reflective cholesteric liquid crystal (CLC) display device that substantially obviates one or 

|y 

= more of problems due to limitations and disadvantages of the related art. 

fU [0015] An advantage of the present invention is to provide a reflective cholesteric 

11 liquid crystal (CLC) display device that has a cholesteric liquid crystal (CLC) color filter in 
which a pluraUty of protrusions is formed on an upper portion of the cholesteric liquid crystal 
(CLC) color filter to obtain an uniform luminance and a uniform color within a main viewing 
angle range. 

[0016] Another advantage of the present invention is to provide a manufacturing 
method of a lower substrate for a reflective cholesteric Uquid crystal (CLC) display device 
that has a cholesteric liquid crystal (CLC) color filter. 

[0017] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent from the description, or may be 
9 
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learned by practice of the invention. The objectives and other advantages of the invention 
will be realized and attained by the structure particularly pointed out in the written 
description and claims hereof as well as the appended drawings. 

[0018] To achieve these and other advantages and in accordance with the piirpose of 
the present invention, as embodied and broadly described, a reflective cholesteric liquid 
crystal (CLC) display device includes a first substrate, an absorption layer on the first 
substrate, a cholesteric liquid crystal (CLC) color filter over the absorption layer, the 
cholesteric liquid crystal (CLC) color filter having a plurality of protrusions, an overcoat 
layer on the cholesteric Uquid crystal (CLC) color filter, a first electrode on the overcoat layer, 
a second substrate, a second electrode beneath the second substrate, a retardation layer on the 
second substrate, a polarizer on the retardation layer, and a liquid crystal layer between the 
first electrode and the second electrode. A shape, a size and a distribution of the protrusions 
are controlled to make a distribution of the reflected Ughts be uniform within a viewing angle 
range of 30 degrees upward and downward fi-om a front direction or be decreased gradually 
within 20% of the luminance of a firont direction. The reflective cholesteric liquid crystal 
(CLC) display device fiirther includes a thin fihn transistor (TFT), which switches a signal to 
the second electrode, on the second substrate. The reflective cholesteric liquid crystal (CLC) 
display device fiirther includes a thin film transistor, which switches a signal to the first 
electrode, on the first substrate. 

[0019] A manufacturing method of a lower substrate for a reflective cholesteric liquid 
crystal (CLC) display device comprises the steps of forming an absorption layer on an 
insulating substrate, forming a cholesteric liquid crystal (CLC) color filter over the absorption 
layer, the cholesteric liquid crystal (CLC) color filter having a plurality of protrusions, 
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forming an overcoat layer on the cholesteric liquid crystal (CLC) color filter, and forming a 
transparent electrode on the overcoat layer. The plurahty of protrusions of the cholesteric 
liquid crystal (CLC) color filter is formed through exposing and developing a photoresist fihn. 

[0020] It is to be understood that both the foregoing general description and tiie 
following detailed description are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the description serve 
to explain the principles of the invention. 

[0022] In the drawings: 

[0023] FIG. 1 is a cross-sectional view of a conventional reflective Uquid crystal 
display device; 

[0024] FIG. 2 is a cross-sectional view of a reflective cholesteric liquid crystal (CLC) 
display device having a CLC color filter according to the related art; 

[0025] FIG. 3 is a cross-sectional view of a reflective cholesteric liquid crystal (CLC) 
display device having a CLC color filter according to the present invention; 

[0026] FIG. 4 is an enlarged view of "A" of FIG. 3; and 

[0027] FIGs. 5A to 5E are cross-sectional views illustrating a fabrication process for a 
lower substrate of a reflective cholesteric liquid crystal (CLC) display device having a CLC 
color filter according to the present invention. 
11 
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

[0028] Reference will now be made in detail to the illustrated embodiment of the 
present invention, which is illustrated in the accompanying drawings, 

[00291 FIG. 3 is a cross-sectional view of a reflective cholesteric liquid crystal (CLC) 
display device that has a CLC color filter according to the present invention. In FIG. 3, a first 
substrate 110 and a second substrate 210 are spaced apart from each other. The second 
substrate 210 is formed of transparent insulating material and the first substrate 110 may be 
formed of transparent material or relatively less transparent material. An absorption layer 120 
is formed on the first substrate 110 to absorb light. A first alignment layer 130 is formed on 
the absorption layer 120. A polyimide is usually selected for an alignment layer material 
because it exhibits good alignment characteristics with various liquid crystal materials. A 
cholesteric liquid crystal (CLC) color filter 140, which reflects a light of particular 
wavelength, is formed on the alignment layer 130. The first alignment layer 130 aligns liquid 
crystal molecules of the cholesteric Uquid crystal (CLC) color filter 140. The cholesteric 
Uquid crystal (CLC) color filter 140 selectively reflects incident light and the reflected Ught 
shows a red, green or blue color in each pixel region. The reflected fight at the cholesteric 
liquid crystal (CLC) color filter 140 does not exactly have a single wavelength but has a 
certain wavelength range on the basis of a main wavelength. An overcoat layer 150 is formed 
on the cholesteric liquid crystal (CLC) color filter 140 and a first electrode 160 is formed on 
the overcoat layer 150 using transparent conductive material. A second alignment layer 170 is 
formed on the first electrode 160 using material such as polyimide. A second electrode 220 is 
formed beneath the second substrate 210 using the transparent conductive material, and a 
12 
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third alignment layer 230 is formed beneath the second electrode 220 using material such as 
polyimide, for example. A retardation layer 310 and a polarizer 320 are subsequently formed 
on the second substrate 210. The retardation layer 310 has the phase difference value ofAl 4 
and thus changes a linear polarization into a circular polarization or the circular polarization 
into the linear polarization. The polarizer 320 transmits only the light that is parallel to the 
light transmission axis. A Hquid crystal layer 400 is interposed between the second ahgnment 
layer 170 and the third alignment layer 230. An alignment of liquid crystal molecules is 
changed according to an apphed voltage between the first electrode 160 and the second 
electrode 220. The cholesteric liquid crystal (CLC) color filter 140 selectively reflects the 
incident light. For example, a right-handed cholesteric liquid crystal (CLC) reflects a right 
circular polarization that has a wavelength corresponding to the pitch of the right-handed 
cholesteric liquid crystal (CLC). That is, a direction of a circular polarization of the reflected 
light depends on whether the helix structure of the cholesteric hquid crystal (CLC) is right- 
handed or left-handed. Because the selective reflection of the cholesteric liquid crystal (CLC) 
color filter 140 can be controlled by varying the pitch of the cholesteric hquid crystal (CLC) 
hehx, light for different colors can be reflected at each pixel region by varying the pitch in 
each pixel region. The pitch is a parameter that decides a hue of tiie cholesteric hquid crystal 
(CLC). That is, if the pitch is same as a wavelength of red color, i.e., 650 nm, the cholesteric 
liquid crystal (CLC) reflects the red color observed in a fi-ont direction. The pitch of the 
cholesteric hquid crystal (CLC) hehx can be controlled to selectively reflect or transmit the 
incident Ught having a wavelength in a particular range. Accordingly, the reflected light may 
show red, green or blue color in each pixel region. 
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[00301 Because a thin film transistor, i.e., a switching element, and a pixel electrode 
that is connected to the thin fihn transistor are usually formed on an upper substrate 
according a conventional liquid crystal display device that has the cholesteric liquid crystal 
(CLC) color filter, the second electrode 220 serves as the pixel electrode. Each pixel region 
for each color red, green or blue respectively corresponds to the second electrode 220, and 
each of the second electrodes 220 corresponding to each pixel region is respectively 
connected to the thin film transistor (not shown). On the other hand, the thin film transistor 
(not shown) may alternatively be formed on the first substrate 110. If the thin film transistor 
is formed on the first substrate 110, the fu^t electrode 160 serves as the pixel electrode and 
corresponds to each pixel region. Each of the first electrodes 160 corresponding to each pixel 
region is respectively connected to the thin film transistor (not shown). 

[0031] FIG. 4 is an enlarged view of "A" of FIG. 3. In FIG. 4, an upper portion of the 
cholesteric liquid crystal (CLC) color filter 140 has a shape like curved protrusions and the 
overcoat layer 150 is formed on the cholesteric liquid crystal (CLC) color filter 140. The 
curved protrusions of the cholesteric hquid crystal (CLC) color fiUer 140 are for obtaining a 
uniform luminance regardless of the viewing angle by diffusing the light that is reflected 
fi-om the cholesteric liquid crystal (CLC) color filter 140. The shape, a size and a distribution 
of the protrusions are controlled to make a distribution of the reflected lights be uniform 
within a viewing angle range of 30 degree upward and downward ft'om a fi*ont direction or be 
decreased gradually. If the distribution of the reflected hght is gradually decreased, a 
decreased amount of the distribution of the reflected hght should not be over 20% of the 
luminance of the firont direction. The overcoat layer 150 is for leveling uneven surface of the 
cholesteric liquid crystal (CLC) color filter 140 and for controlling the distribution of the 
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reflected light into a desired direction. A refractive index of the overcoat layer 150 is adjusted 
to make the incident Ught be perpendicular to a surface of the cholesteric Uquid crystal (CLC) 
color filter 140, and thereby a wavelength change of the reflected hght can be decreased. If 
the wavelength change of the reflected light is decreased, a color change degree according to 
the viewing angle can be decreased. In addition, the refractive index of the overcoat layer 150 
is desirably selected to make a distribution of the reflected hght be uniform within a viewing 
angle range of 30 degree upward and downward from the front direction or be decreased 
gradually. If the distribution of the reflected light is gradually decreased, a decreased amount 
of the distribution of the reflected light should not be over 20% of the luminance of the front 
direction. 

[0032] FIGs. 5A to 5E are cross-sectional views illustrating a fabrication process for a 
lower substrate of a reflective cholesteric liquid crystal (CLC) display device that has a CLC 
color filter according to the present invention. 

[0033] hi FIG. 5 A, the absorption layer 120 is coated and then cured on the first 
substrate 110, and then the first alignment layer 130 is coated and cured on the absorption 
layer 120. The surface of the first alignment layer 130 is ahgned into a certain direction using 
a rubbing method or a hght (photoahgnment) ahgnment method. The first alignment layer 
130 may be formed of polyimide. 

[0034] In FIG. 5B, the cholesteric Uquid crystal (CLC) is coated on the first 
alignment layer 130. After a coloring process in which the pitch of the cholesteric liquid 
crystal (CLC) helix is controlled to display red, green or blue color in each region for each 
color, the cholesteric hquid crystal (CLC) is cured using light or heat to complete the 
cholesteric hquid crystal (CLC) color filter 140. A photoresist layer 500 is then formed on the 
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cholesteric liquid crystal (CLC) color filter 140 and exposed to light using a mask 600. The 
mask 600 has a plurality of light blocking portions 620 beneath an insulating substrate 610. 

[0035] In FIG. 5C, a plurality of photoresist patterns 510 are formed by developing 
the exposed photoresist layer 500 of FIG. 5B. If a positive photoresist is used for a 
photolithographic masking process, an exposed portion of the photoresist is removed after a 
development and vice versa in case of a negative photoresist. The positive photoresist is used 
in the embodiment of the present invention, but the negative photoresist may alternatively be 
used. 

[0036] In FIG. 5D, the pluraUty of protrusions of the cholesteric liquid crystal (CLC) 
color filter 140 is formed by patterning exposed portions of the cholesteric liquid crystal 
(CLC) color filter 140 between photoresist patterns 510 and then removing the photoresist 
patterns 510. The patterning of the cholesteric liquid crystal (CLC) color filter 140 maybe 
performed using a dry etching method in which an etching gas is used. 

[0037] In FIG. 5E, the overcoat layer 150 is formed on the cholesteric hquid crystal 
(CLC) color filter 140 to level the uneven surface of the cholesteric liquid crystal (CLC) 
color filter 140. The first electrode 160 is formed on the overcoat layer 150 using transparent 
conductive material. The second aUgnment layer 170 is formed on the first electrode 160 by 
coating material such as polyimide and then rubbing and curing the coated material. The first 
electrode 160 may be formed of indiirai tin oxide (ITO) or the like. 

[0038] As described before, the refiractive index of the overcoat layer 150 is adjusted 
to make the incident light be perpendicular to a surface of the cholesteric hquid crystal (CLC) 
color filter 140, and thereby a wavelength change of the reflected Ught can be decreased. If 
the wavelength change of the reflected light is decreased, a degree of color change according 
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to the viewing angle can be decreased. The reflective cholesteric liquid crystal (CLC) display 
device according the present invention can provide uniform luminance and color in the main 
viewing angle region by reducing the incidence angle of the light that is incident on the 
cholesteric liquid crystal (CLC) color and by diffusing the reflected Ught using a plurality of 
protrusions of the cholesteric hquid crystal (CLC) color filter. 

[0039] It will be apparent to those skilled m the art that various modifications and 
variation can be made in the fabrication and appUcation of the present invention without 
departing from the spirit or scope of the invention. Thus, it is intended that the present 
invention cover the modifications and variations of this invention provided they come within 
the scope of the appended claims and their equivalents. 
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